association between work-related stress and cardiovascular diseases 1−3) or their risk factors such as hypertension 4, 5) . One of the most frequently used models to evaluate job stress in these studies has been Karasek's "job strain" model 6) , which defines high job strain as a combination of high psychological job demands and low job control. Another model for evaluating job stress is the National Institute for Occupational Safety and Health (NIOSH) job stress model 7) , in which skill underutilization is proposed as a job stressor that can elicit acute stress reactions. Skill underutilization is defined as a condition in which a worker is unable to use his/her skills, leading to feelings of dissatisfaction. We have recently reported that perceived skill underutilization is associated with an increased risk for depressive trend 8) . Moreover, in our preliminary study conducted with hospital employees (data not shown), we found that skill underutilization was an independent risk factor for cardiovascular events among several job stress components in the NIOSH questionnaire. To our knowledge, however, there has been no report on the relationship between skill underutilization and established cardiovascular risk factors. These observations have led us to examine skill utilization as a potential cardiovascular risk factor. The objective of this study was to investigate the association between the degree of skill utilization at work and the prevalence of hypertension.
Subjects and Methods
This study was conducted as a part of the Watari study, a community-based cohort study aimed at examining the association between qualitative and quantitative job stress and cardiovascular diseases. Detailed descriptions of the study have been provided previously 8, 9) . The study protocol was approved by the ethics committee of Tohoku Rosai Hospital, and all the participants provided written informed consent.
In this cross-sectional analysis, 3,020 people with Japanese National Health Insurance managed by the town of Watari and 409 local governmental employees The aim of this study was to investigate the association between skill underutilization, a psychological job stressor proposed in the NIOSH (National Institute for Occupational Safety and Health) job stress model, and the prevalence of hypertension. Methods: We studied sitting blood pressure and fasting blood laboratory parameters in 3,429 inhabitants of the town of Watari during annual health check-ups in 2010. A questionnaire was administered to examine job status, weekly working hours and degree of skill utilization. We divided subjects into tertiles according to skill utilization score. Multivariate logistic regression analysis was performed using prevalent hypertension as the dependent variable. Results: Questionnaires were collected from 2,550 individuals. After excluding those who were not in paid employment and those with missing data, 1,075 permanent or part-time workers were included in the final analysis. The odds ratio for the presence of hypertension was significantly higher in the lowest tertile of skill utilization score compared with the highest tertile (1.776; 95% confidence interval, 1.137−2.796) after adjusting for age, sex, body mass index, low-density lipoprotein cholesterol level, triglyceride level, current smoking status and daily alcohol intake. Conclusions: Skill underutilization was associated with a higher prevalence of hypertension in a working population including various kinds of occupations. were included. The former included self-employed workers (in areas such as agriculture, fisheries, forestry, retail trade, etc.), retired employees and their dependents; the latter included people working for the town office and its branch.
Demographic and anthropometric data were obtained, and fasting blood samples were collected after an overnight fast. Sitting blood pressure was measured once using an automated oscillometric sphygmomanometer (BX-10; Omron Colin, Kyoto, Japan) after a 5-min rest. Information on job status, weekly working hours (including overtime work) and lifestyle was collected using a questionnaire. Skill utilization score (ranging from 3 to 15) was calculated as the sum of the following 3 questions from the NIOSH job stress questionnaire: (1) How often does your job let you use the skills and knowledge you learned in school? (2) How often are you given a chance to do the things you do the best? (3) How often can you use skills from your previous experience and training? Answers to each question were scored from 1 to 5 (where 1=rarely, 2=occasionally, 3=sometimes, 4=fairly often, and 5=very often).
Statistical analysis
All clinical data are expressed as means ± standard deviation or as percentages. Subjects were divided into tertiles according to skill utilization score (lowest, 3 to 5; middle, 6 to 9; highest, 10 to 15), and differences across the groups were assessed using analysis of variance (ANOVA) or the chi-square test.
Multivariate logistic regression analysis was conducted using hypertension as the dependent variable. Hypertension was defined as a sitting blood pressure of ≥140/90 mmHg or the use of antihypertensive medication. Odds ratios (OR) and 95% confidence intervals (CI) were calculated after adjusting for age, sex, body mass index (BMI, weight in kg/height in meters squared), low-density lipoprotein (LDL) cholesterol levels, triglyceride levels, current smoking status and daily alcohol intake (g/day). The highest tertile of skill utilization score served as the reference group. The same analyses were conducted separately for men and women. Statistical analysis was performed using JMP (version 9.0 for Windows; SAS Institute, Cary, NC, USA). A p-value of <0.05 was considered statistically significant.
Results
Out of 6,990 eligible individuals, 3,429 (49.1%) participated in the check-up, and 2,550 answered the questionnaire. After excluding those with missing data (n=249) and those who were not in paid employment (n=1,226), 1,075 permanent or part-time workers (751 self-employed workers and 324 local governmental workers) were included in the final analysis. The Cronbach's alpha for the skill utilization scale items was 0.847. Table 1 shows the clinical characteristics by tertiles of skill utilization score. The frequency of hypertension, subject age and LDL cholesterol levels were higher in those with lower skill utilization scores. However, when we analyzed data for men and women separately (Table 2) , we found a positive association between age and lower skill utilization scores in women, but not in men. BMI, systolic and diastolic blood pressure, LDL cholesterol levels, triglyceride levels, glycated hemoglobin levels and the prevalence of hypertension were also higher in the lower tertiles of skill utilization scores in women. On the other hand, differences in clinical characteristics across tertile groups were not significant in men. Multivariate logistic regression analyses adjusted for age, sex, BMI, LDL cholesterol levels, triglyceride levels, current smoking status and daily alcohol intake demonstrated that the OR for the presence of hypertension was significantly higher in the lowest tertile compared with the highest tertile (1.776; 95% CI: 1.137−2.796). When similar analyses were conducted separately in men and women, the result remained significant in men (OR 1.847; 95% CI: 1.007−3.419) but not in women (OR 1.683; 95% CI: 0.859−3.384).
Discussion
The results of this study indicated for the first time that skill underutilization, a job stressor that has drawn less attention than other psychological job stress factors, is independently associated with a higher prevalence of hypertension in a working population including various kinds of occupations.
We observed a positive association between age and lower skill utilization scores in only women. On the other hand, after adjustment for possible confounders, the association between skill underutilization and prevalent hypertension was significant in men but not in women. A number of studies have demonstrated a positive relationship between high job strain and increased risk for hypertension in men 5, 10, 11) , while the relationship has not been fully elucidated in women. Our data are in line with those in previous reports. Although the reason for this gender difference is unclear, the following mechanisms may be involved. First, there may be gender differences in occupational characteristics and status, which are known to influence the prevalence of hypertension 12) . Second, the prevalence of hypertension in men (30.9%) was approximately double that in women (15.9%) in our study population, which may have limited the statistical power of the analyses. Another possible explanation is a gender difference in pressor response to psychological stress. We have previously reported in untreated hypertensive patients that men showed a significantly greater blood pressure increase in response to experimental psychological stress than did women 13) . Our study has several limitations. First, the present analyses were not based on the job strain model or the effort-reward imbalance model 14) , the two most frequently used models for evaluating job-related stress; thus, a direct comparison between our findings and those of previous studies was not possible. In addition, we have no information on other psychological factors, such as job control or social support, which may partly confound the relationship between skill utilization and the presence of hypertension. Second, types of jobs, employment status (permanent or parttime) and occupational social class were not considered in the present study. Moreover, we did not collect information on stress at home, which has been reported to have a greater impact on health in women than in men 15) . Any of these factors could have influenced the results of this study. Third, blood pressure was assessed through casual measurement, which is less reliable for the evaluation of work site blood pressure than ambulatory blood pressure measurement. Finally, we have to consider that participants in municipal annual health check-ups do not necessarily represent the general working population, and further investigations should be conducted to determine the generalizability of our findings.
In conclusion, a low perceived degree of skill utilization was associated with a higher prevalence of hypertension in a working population including various kinds of occupations. Our results may provide new information relevant to the establishment of healthier workplaces. Further longitudinal studies with a larger population are needed to confirm the causal relationship between skill underutilization and incident hypertension.
